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By DONALD ARMOUR, C.M.G., F.R.C.S. JOHN BELL, over a century ago, thus expressed the main thesis of this paper "We have this encouragement to consider the pathology in place of the anatomy of the skull, as the rule of our prognostics, that while anatomy and the enumeration and classification of fractures have led to an unduie propensity to operation, the study of the living powers, and the mutuial dependence of these parts, leads to a reserved, modest and rational practice-to a just confidence in the powers of Nature-to a careful and solicitous attention to all the insidious symptoms of an injured brain." In our own time the same plea has been made by Wilfred Trotter: " In the case of head injuries it is of cardinal importance that diagnosis and treatment should be kept in a close and living association with pathology, In every case it is essential that the surgeon, before attempting to begin the treatment, should make a determined effort to call up the clearest possible picture of the actual conditions within the skull of the patient he has to deal with."
A wise injunction that should be in the mind of every surgeon when dealing with head injuries.
Unfortunately, the subject of head injuries in surgical textbooks appears in the section on "Fractures," and thus early the mind of the medical man is imbued with an exaggerated importance of the ' enumeration and classification" of fractures of the skull to the detriment of a proper appreciation of the much more important part of the subject, viz., the damage, functional or organic, that the skull contents may have suffered. This is constantly revealed by the early insistence upon an X-ray examination of the skull after a head injury, as if the presence or absence of a fracture of the skull were the important factor, and as if the result of the X-ray examination would be sufficient to determine how the associated cerebral injury should be treated. Moreover, its very use constitutes at times a pitfall in the prognosis of a head injury, because of the false importance attaching to the presence or absence of a fracture of the skull; its absence always presuming a better prognosis than its presence. For the same reason, there is a widespread lack of appreciation of the importance of so-called minor head injuries. Minor" perhaps in the estimation at the time, of the patient and of his doctor, but often major" in its later manifestations and sequelm. It is to this aspect of the subject, namely, head injury without fracture, that I wish mainly to direct attention. A general increase in intracranial pressure is the commonest result of a severe head injury. This is brought about, in the first instance, by reactionary cedema or hamorrhage, or both. Later, this increased pressure may be aggravated or maintained by interference with the paths of absorption of the cerebro-spinal fluid, as the mechanical result of the swelling or displacement of the brain itself. This swelling or displacement interferes first by blocking the cerebral subaracbnoid spaces, and as a result the cerebro-spinal fluid collects in the basal cisterns and in the ventricles.
The enlargement of the basal cisterns forces the mid-brain up, occluding the narrow spaces of the incisura tentorii. The swollen brain, with its distended ventricles, pushed up against the resistant dura, interferes still more with absorption and so a vicious circle is established. Added to this, we have the direct pressurc on the medulla of the fluid in the basal cisterns. The sum of all this mechanical pressure is exerted upon the blood-vessels of the brain, either locally or generally, giving rise to focal or widesRread symptoms. Such is the result, at any rate, of a severe injury. Can the same factors, in a lesser degree, explain the symptoms associated with or following upon a so-called minor injury ?
The term "concussion," according to Trotter, should be used "to indicate an essentially transient state due to head injury which is of instantaneous onset, manifests widespread symptoms of a purely paralytic kind, does not, as such, comprise any evidence of structural cerebral injury, and is always followed by amnesia for the actual moment of the accident." Two exceptions may be taken to this classical definition of concussion. Is it possible to affirm that the state is essentially transient, unless we limit the expression strictly to the unconsciousness and the immediate paralytic phenomena associated with it ? Is it correct to affirm that "concussion of the brain " does not, as such, comprise evidence of structural cerebral injury ?
How are we to explain the onset and persistence of those post-concussion symptoms so often included under the misnomer "post-concussion neurosis " ? Undoubtedly, they are largely the direct expressions of disturbance of intracranial pressure ; usually in the direction of hypertension, though in some few cases hypotension has been found.
Cassasa explains the mecbanism of concussion as depending upon the identification of "a network of fine fibrils connecting the external wall of the blood-vessels with the surrounding brain tissue across the perivascular lymph spaces." It is conceivable that any sudden overfilling of the perivascular lymph spaces with cerebro-spinal fluid could produce laceration of a vessel by the tearing of its wall in the neighbourhood of such a fibrillar attachment.
On the other hand, without such an attachment, the laceration of a vessel surrounded by fluid could not be produced by any pressure exerted through that fluid, which would tend to compress the vessel but not to lacerate it. Such an increase of cerebro-spinal fluid in the perivascular lymph spaces might be caused by the cerebro-spinal fluid from the surface of the brain being driven into it by the pressure exerted by the change of shape of the skull, the result of a blow or a fall. This change of shape under an area of violence is in the direction of flattening and diminution of space for the cerebro-spinal fluid in that area, which must fin-d its way out through the various sulci of the brain. Such fluid as cannot do this must find a way into the perivascular lymph spaces in the reverse direction of the normal flow of the cerebro-spinal fluid in these channels. Now Weed's experiments have demonstrated that the perivascular lymph sheath-the Virchow-Robin's space-is directly connected with the finer spaces about the central ganglion cells.
Cassasa suggests that sudden physical distension of these periganglionic spaces by cerebro-spinal fluid, in cases of concussion, causes a direct physical change in the ganglion cell, which may explain all the phenomena of concussion of the brain. He thinks this simple change may occur without minute hemorrhages, and explains the completely negative post-mortem findings in many cases of concussion.
Osuati and Giliberti go further in emphasizing the structural factors in concussion of the brain. Basing their opinion upon the study of one hundred cases, they conclude that not only is there actual cerebral injury in cases of concussion, but in a few instances complete resolution does not occur, and that there is a strong likelihood that secondary degenerative changes develop. They suggest the term traumatic encephalitis" in place of post-concussion neurosis. Whether these engaging theories are capable of proof or not, there can be no doubt that the symptoms usually following concussion-the commonest-of wbich is headache of varying quality-are the expression of an altered pressure of the cerebro-spinal fluid. Not only a stable alteration in pressure, in one or other direction, but'ain instability of pressure, such as has been described in epilepsy, would seem to .be the cause in a certain number of cases.
Mestrezat, Bouttier and Logre, examining a large number of cases of concussion without head wounds, found that 80. per cent. of them showed definite changes in the aerebro-spinal fluid. The essential features were an increase in tension and an excess of albumin, while the chlorides were normal, the sugar rather increased, -fibrin absent and the permeability normal.
These authors interpreted such a fluid as being due to an aseptic disintegration of nerve tissue without meningeal involvement, combined with a marked tendency to hypersecretion.
This " formula of concussion " is also characterized by its evolution, the excess of albumin usually appearing at the end of two to three days, disappearing, as a rule, at the end of some weeks or months with return to normal. Sometimes there was an indefinite persistence, or a slow regression of the syndrome during a number of months.
They would use this "formula" for the diagnosing of an associated concussion'" in cases when no evidence of a head injury was adduced, but at the same time they would not exclude concussion, owing to the absence of an anomalous cerebro-spinal fluid.
A caution, however, is necessary in cases of associated nerve contusion giving the additional signs, more or less marked, of a meningeal haemorrhage.
From a medico-legal point of view the possible imitation of this formula in syphilis of the nervous system is of the greatest importance, calling for a Wassermann test in cases showing a lymphocytosis. however slight.
In confirmation of these findings, Claude, Lamache and Dubar, have lately carried out similar investigations on the cerebro-spinal fluid of patients who had suffered from a head injury without fracture of the skull. Very few had suffered from total loss of consciousness. The time intervening between the receipt of the injury and the examination of the fluid varied from two or three weeks to several months.
These patients sought relief on account of such subjective symptoms as headache, dizziness, weakness, insomnia, tinnitus aurium, and visual fatigue. Increase in albumin was found in nine out of the twenty-two cases examined, the excess -tending gradually to disappear as the symptoms subsided, following repeated lumbar puncture. Otherwise, the fluid showed no chemical or cytological abnormality. But the tension of the cerebro-spinal fluid was altered in all the cases except five, hbypertension, hypotension and instability of tension were found, the first most frequently.
What explanation can be offered for such alterations in the tension of the cerebro-spinal fluid following head injury ? Obviously, the increase following immediately upon a severe injury, with associated cadema or hemorrhage,'or both, is largely due to the mechanical causes already described.
The increase in tension following upon slight injuries and maintained over a considerable period' may be due to such factors, acting alone or in combination, as: (1) Increase in the amount of cerebro-spinal fluid secreted. (2) Interference with its circulation and absorption. (3) Variations in volume of the cranial contents, nervous, ventricular, and vascular.
Granting thatthe choroid plexuses are the chief source of the-cerebro-spinal fluid, whether the process be a secretion or a transudation, or, according to Mestrezat, a mere dialysation from the blood, can we find any conditions associated with or following upon cerebral trauma which will activate or inbibit their process?
The Effect of Trauma upon the Choroid Plexuses.
-The system 'of the v'entricular cavities and their contained cerebro-spinal fluid has been said to be important in determining the distribution of force within the skull. The position of the choroid NOV.-NEUR. 2 * plexuses would thus render them particularly vulnerable, exposing them to the direct action of the wave of repercussion at the time of the accident. Can such trauma, if it occurs, affect their secretory activity? Some writers consider that an altered fluid, following upon microscopic vascular and nervous lesions, and meningeal irritation, is the cause of a secondary or reactionary hypersecretion.
Duret thinks that trauma causes a cerebro-spinal shock, giving rise to disturbances of the cerebro-meningeal circulation which tend to a congestion of the brain mass and to the production of intracranial hypertension by lessening the cranial space, by venous stasis, and by augmentation of the circulation with increased flow of blood to the secretory organ, i.e., the choroid plexuses. In addition, he postulates an irritation of the meninges, ependyma and plexuses, by the waste products of disintegration in cases of minute pial haemorrhages and of post-congestion extravasations, a selective poisoning as regards function, by the products of breaking down nerve tissue as a result of microscopic tears and contusions. In short, he would attribute hypertension to hypersecretion of cerebro-Rpinal fluid.
The causes of hypotension are equally hypothetical. Apart from that due to loss of cerebro-spinal fluid from trauma, following lumbar puncture, and at operations, all giving rise to a sudden hypotension, there remain the occasional cases following head injury without loss, in which the hypotension manifests itself, usually at a later date, by definite clinical symptoms. These may be, according to Leriche, intense frontal headache, dizziness, nausea, sometimes convulsive phenomena, stupor and even coma.
In head injuries, Leriche would explain the hypotension as due to the formation of a porencephalic cyst on the surface of the brain, a sort of supplementary subarachnoid cistern, resulting in a relative insufficiency of cerebro-spinal fluid and a consecutive hypotension. Most probably several factors may be responsible, such as a functional disturbance of the regulating centre of fluid tension, inhibition of the cells of the choroid plexuses, or local modifications of the cerebral circulation.
Foerster and Wartenberg have called attention to certain changes in the shape and position of the ventricles following upon head injuries. These changes are chiefly in the nature of a distension or dilatation of one or both lateral ventricles with a stretching of their summits in an upward and outward direction. The dilatation was usually greater on, or confined to, the side of the lesion-" hydrocephalus internus lateralis "-and the ventricle was drawn up towards the site of the lesion, " Ventrikelwanderung."
Moreover, this unilateral appearance may be met with in the absence of unilateral clinical findings. According to Foerster, this wandering of the ventricle takes place slowly and gradually. The final result is a thin membrane, comprised of arachnoid, pia, and the remains of the cortex covering a dilated ventricle, which he calls a traumatic porencephaly. Wartenberg describes as an end-result of cornmotio cerebri, with numerous areas of hemorrhages or softening, a persistent and progressive cicatricial shrinkage of the whole brain and an alteration in the shape of the ventricle, the latter dilating at the expense of the brain substance (passive hydrocephalus). He describes themwola brain as being drawn from its central position towards the side of the lesion-Gehirnwanderung." This passive hydrocephalus may be converted into an active one by a traumatic meningitis serosa ventriculi," causing an irritation of the choroid plexus with an increased secretion of cerebro-spinal fluid.
Both these authors make a plea for the routine use of ventriculography (encephalography) in the late-results. of head injuties, particularly if operation is contemplated. Several of their cases are reported as being very greatly improved as a result of the ventriculography alone! Block and Oppenheimer have made a comparative study of the intraspinal pressure, blood-pressure and intra-ocular pressure in head injury. In eleven cases of fracture of the skull, although the blood-pressure was below the average, the spinal pressure was above normal and the ocular pressure was above the average.. They conclude that "no individual parallelism exists between intraspinal pressure, arterial pressure and ocular tension," but on an average a high pressure of one type is associated with a high pressure of the other types; the same is true of low pressure.
Clinically, any attempt to estimate intracranial pressure in the light of general blood-pressure findings is not of any practical value. The presence of initial shock following a severe head injury and lasting for some hours, associated as it is with a fall in the general blood-pressure, will mask the true intracranial condition. Again, the intracranial pressure must reach a dangerous stage of compression before it can affect the general blood-pressure in the direction of any marked increase.
Both in the acute and chronic stages of head injury the value of the determination of the pressure of the cerebro-spinal fluid is beyond question: accurate estimation must be made with a manometer. Attempts to estimate the pressure by counting drops per unit of time, or by the force with which, or the distance to which the fluid spurts, are equally fallacious; many extraneous factors may invalidate such conclusions.
It has been said that "normal pressure may be almost anything," and it has certainly a wide range. Ayer places a normal pressure between 100 and 200 mm. of water, regards as "suspiciously high" pressures between 200 and 250 mm., and as " definitely abnormal" those between 250 and 300 mm. Pressures over 300 mm. are always to be explained on the basis of intracranial pathology.
The presence or absence of blood in the cerebro-spinal fluid following head injuries is often stressed beyond its true clinieal significance. Its presence is only of importance as a corroborative sign of intracranial injury, associated with bleeding from an intradural vessel. Its absence, however, does not exclude intracranial hesmorrhage, even be it subdural or subarachnoidal. From the point of view of treatment, neither the presence nor absence of blood in the cerebro-spinal fluid has any importance whatever. The pressure of the fluid as an indication of the degree of intracranial tension is the all-important matter.
The Eyes in Head Injury.-Immediately following upon injury, the pupils are more or less dilated, depending upon the degree of the initial shock, the reaction to light being correspondingly sluggish. During unconsciousness both these conditions are increased. As the stage ot shock passes off the pupils usually return to their normal size and reaction to light, unless there is a definite increase in intracranial pressure, when the dilatation and sluggishness may remain. The pin-point pupil in the early stage of a supracortical hawmorrhage or cedema passes into dilatation as the stage of irritation passes into the paralytic stage.
Injury to cranial nerves occurs in about 12 per cent. of head injuries, usually in basal fractures. The order of frequency would appear to be the seventh, sixth, eighth, third, and second, the remaining ones being rarely involved. The frequency of combined involvement -is not very grea-t, Ocdurring in nerves lying vefy close together (seventh and eighth; second, third, fourth, and sixth), in single fissure fractures, while in multiple fissures, the groups, both as to the nerves involved and the side affected, are very irregular.
Varying conditions are concerned in the production of these paralyses of cranial nerves. Probably the most frequent cause is the injury of the nerve -by bony compression, more rarely from laceration from displacement of the walls of the foramen. Where there has been no bony displacement, injury by bruising or laceration of the nerve sheath, with more or less severe reaction, may have occurred.
Certain cases are possibly due to compression from a meningeal hemorrhage.
But I wish to refer more particularly to the effect of increased intracranial 5 Section o Neurokqy pressure in the production of cranial nerve symptoms, more especially with regard to papillcedema, or, perhaps, more correctly papillary stasis," as the French -neurologists call it. Cushing and Bordley, some years ago, -showed by experiment how rapidly a retinal cedema may be made to appear-in association with certain forms of increased intracranial tension, particularly when the compression is brought about by the introduction into the cranial cavity of fluid under tension, and how rapidly also the cedema may disappear when relief from tension has been afforded.
In practice, it should be remembered that great assistance in estimating the grade of intracranial tension may be obtained by an examination of the eye-grounds. For in head injuries with increased tension there may be a degree of papillcedema proportionate to the severity and duration of the intracranial symptoms.
Early signs are those of a dilatation of the retinal veins with venous stasis and an cedema not sufficient to be described in terms of diopters. But, with increasing tension, there occurs an cedematous blurring, first of the nasal margin and then of the temporal margin of the disc, followed even by obscuration of the whole disc. As would be expected, fractures beneath the tentorium cause these changes more rapidly than those elsewhere. It is unusual, however, for them to appear within the first six hours.
In cases of local compression-not those of a generalized form of compression, in which the tension is equally raised in all parts of the cranial cavity-the examination of the discs may be of great aid in determining the side on which the primary focal compression is being exercised. This unilateral intracranial stasis may have confirmatory evidence in the condition of those extracranial vessels which empty into the cranial sinuses, as shown by a dilatation of the vessels of the scalp, forehead and eyelids and even a slight degree of exophthalmos.
Pidoux, in his study of the increased intracranial tension, sometimes found after the injury, calls attention to the frequent occurrence of a bilateral papillary stasis, independent of any basal fracture, or compression by effusion. With the relief of the tension the disc returns to normal.
Turning to the more practical side of my subject I would plead for the more frequent use of lumbar puncture as a therapeutic measure in both acute and chronic head injuries. While in no way a substitute for a decompressive operation in cases of high intracranial tension, and being even dangerous in some cases, owing to the risk of medullary compression at the foramen magnum, yet in milder cases of increased tension the slow withdrawal of fluid, repeated if necessary, is of great value. It often allows the postponement of an operation until all the conditions are suitable, or even the dispensing with operation altogether. The pressure of the fluid, not the quantity withdrawn, is, however, the determining factor as to the further conduct of the case.
Again, for patients obviously not requiring the major operation of decompression, but sufferiDg from severe headache, extreme restlessness, irritability, vertigo, etc., repeated lumbar puncture is of the greatest value in mitigating or curing these distressing symptoms. Therein lies the value of the so-called "spontaneous decompression" in fractures of the skull, with leakage of cerebro-spinal fluid, a value, unfortunately, too often offset by the ever present danger of infection.
We owe to Weed and McKibben the knowledge that it is possible to lower the berebro-spinal fluid pressure by the intravenous injection of hypertonic solutions, and, conversely, to increase the brain mass as well as the intracranial pressure by using bypotonic solutions. Haden, using a concentrated glucose solution, was the first to apply this knowledge clinically, while Cushing and Foley showed that the same results, though less pronounced, could be obtained by oral or rectal administration, which caused less disturbance of respiration and circulation.
Foley and Putnam believe that the decrease in intracranial tension is not due solely to decrease in brain volume, but primarily represents "new ratios between secretion and absorption of cerebro-spinal fluid."
Weed and Hughson, as a result of more extended experimients, conclude that, while the normal cerebro-spinal fluid pressure is partially dependent upon cerebral veuous pressure and to a lesser extent upon cerebral arterial pressure, it is for the most part independent of either. They further conclude that the alterations in cerebrospinal fluid, following intravenous injection of hypertonic solutions, while partially parallel to the variations in cerebral arterial and venous pressures, are mainly independent of them and show much more marked depressions.
Fay found that the intestinal instillation of magnesium sulphate was almost twice as efficient as sodium chloride for the reduction of intracranial pressure. He attributes this to the fact that magnesium sulphate is non-dialysable, while sodium chloride is readily dialysed. He also points out that the administration of sodium chloride may produce a secondary wave of cedema and increased intracranial pressure, due to its absorption and immobilization in the tissues, with a subsequent attraction of fluid from the blood-stream. Fay calls attention to the fact that over-dehydration is possible and may be serious, if not fatal.
Howe has undertaken a series of experiments with the object of determining what solutions were least toxic and most efficient in lowering intracranial pressure when given intravenously. Testing a dozen hypertonic solutions he found some too toxic and others relatively ineffectual. Sodium chloride produced the greatest decrease in intracranial pressure of any substance used, but it is toxic unless administered very slowly. He, however, regards it as unfit for general clinical administration, on account of its immobilization in the tissues produciDg a secondary wave of oBdema.
He found that dextrose was absolutely non-toxic and never resulted in the slightest disturbance of respiratory or cardiac action, no matter bow much or how quickly it was given. Fifty cubic centimetres of a 100 per cent. solution given in less than a minute had no untoward action. He concludes that " dextrose is the only substance of this group which is non-toxic and produces a satisfactory fall in intracranial pressure."
The practical application of these measures for the relief of increased intracranial tension, whether in acute or chronic head injuries, is too obvious to require further comment.
